Chloride binding to alkaline phosphatase. 113Cd and 35Cl NMR.
Chloride binding to alkaline phosphatase from Escherichia coli has been monitored by 35Cl NMR for the native zinc enzyme and by 113Cd NMR for two Cd(II)-substituted species, phosphorylated Cd(II)6 alkaline phosphatase and unphosphorylated Cd(II)2 alkaline phosphatase. Of the three metal binding sites per enzyme monomer, A, B, and C, only the NMR signal of 113Cd(II) at the A sites shows sensitivity to the presence of Cl-, suggesting that Cl- coordination occurs at the A site metal ion. From the differences in the chemical shift changes produced in the A site 113Cd resonance for the covalent (E-P) form of the enzyme versus the noncovalent (E . P) form of the enzyme, it is concluded that the A site metal ion can assume a five-coordinate form. The E-P form of the enzyme has three histidyl nitrogens as ligands from the protein to the A site metal ion plus either two water molecules or two Cl- ions as additional monodentate ligands. In the E . P form, there is a phosphate oxygen as a monodentate ligand and either a water molecule or a Cl- ion as the additional monodentate ligand. The shifts of the 113Cd NMR signals of the unphosphorylated Cd(II)2 enzyme induced by Cl- are very similar to those induced in the E-P derivative of the same enzyme, supporting the conclusion that the phosphoseryl residue is not directly coordinated to any of the metal ions. Specific broadening of the 35Cl resonance from bulk Cl- is induced by Zn(II)4 alkaline phosphatase, while Zn(II)2 alkaline phosphatase is even more effective, suggesting an influence by occupancy of the B site on the interaction of monodentate ligands at the A site. A reduction in this quadrupolar broadening is observed upon phosphate binding at pH values where E . P is formed, but not at pH values where E-P is the major species, confirming a specific interaction of Cl- at the A site, the site to which phosphate is bound in E . P, but not in E-P. For the zinc enzyme, a significant decrease in phosphate binding affinity can be shown to occur at pH 8 where one monomer has a higher affinity than the other.